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(57) ABSTRACT 

A method of decapsulating a packaged die includes remov- 
ing packaging material from the bottom section of a die- 
containing package to expose a die pan, removing the die 
pan, removing material between the die pan and the bottom 
surface of the die, using the bottom surface of the die to 
determine a grind plane substantially parallel to the top 
surface of the die, and removing packaging material from 
the top section of the die-containing package to form a top 
surface substantially planar to the grind plane, preferably 
intersecting the wire bonds on the face of the die. 

14 Claims, 5 Drawing Sheets 
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METHOD OF RECOVERING According to one embodiment of the invention in which 

ENCAPSULATED DIE a single packaged die is decapsulated, a first step grinds the 

packaging material at the bottom of a die-containing pack- 

FIELD OF THE INVENTION age until a die pan is exposed, using, for example, a 

The invention is generally related to methods for extract- 5 conventional wafer grinding machine. Another step removes 

ing an encapsulated device. More particularly, the invention . mc dlc P an * A ^ther stc P etcbes me packaging material 

is directed to methods for decapsulating semiconductor and/or other matenal, such as the die attach, from about the 

chips or dies bottom and sides of the packaged die, creating a channel in 

the packaging material around the perimeter of a newly- 

BACKGROUND OF THE INVENTION io exposed base of the die. An additional step removes material 

Packaging, particularly plastic packaging, of various elec- &om the skies of ibc die by cutting along the channel 

tronic devices including semiconductor chips or dies has " ound me °/ the d f ie usm *> for exam ^' a ™f 

been employed for some years. It is often desirous to dicmgstw.Aoc^ 

decapsulate the device at least in part to allow for inspection, d ; e > ^ die ?™ and die atta ^ h *™ vtd > f^ des » 

test,^drepairofthedevice,aswellastoprovide«baredie" 15 P^nar mountmg surface, wmch the me hod employs to 

with which to build prototype systems. detcrmmc a ^ P lane ih ™f a **J °\ the 

, , / die-contaimng package. In one embodiment, the grind plane 

Some current methods for recovering d» from encapsu- ^ h ^ bonfc attached tQ a surface of (he 

lated packages involve the use of commercially-available ^ y a eomtMooil i apping technique 

decapsulators which generally employ heated, concentrated M to ^ ^ hn of ^ ^ d ^ ^ t0 a , eve , 

acids such as sulfuric and nunc acids or other solvent that substantiaU ^ M to me ^ d lane . fa one embodiment, 

deserve encapsulant matenal surrounchng the die. Problems me ^ of ^ ^ ^ ^ ^ d sufficiently t0 

with these decapsulators and methods include difficulty in £ , he ^ bonds Qn the of me die 

achieving the desired amount or etching and difficulty \ _ . , _ . 

preventing damage to the package including the die, bond- „ According to a further feature the invention preserves a 

mg wires, and the metallization. 25 passivation layer of packaging matenal of appropnate thick- 

„ .. , , , t . ness such that it does not interfere in the operation or the die, 

There are other d^dvantages to current methods relating bm . des for mteclioD of the &e throughout subsequent 

to the state of the die after the decapsulation process handMn ^ ^ Accordin to mfbiu feature> a substan . 

Typically, wire bonds from the original package remain and ^ lanar ivatioQ la ^ a d surface far 

must be removed, adding a critical step in the preparation of 30 faci]itating lamination of mc di6 . a,, advantage of the 

the die, increasing overall pressing time and increasing ^ ^ ^ ft obviates , he BquilB1Iieilt of acid 

the risk of failure of the process to yield usable die. Also the Qn ^ of tfae di mus ti harm 

top surface, or face, of the decapsulated die may be bare to onenls of the di ^ ^ lhe die metallization, 

and/or uneven after conventional methods *e performed, from decapsulation methods, 

making proper subsequent handling more difficult and mak- 35 

ing subsequent processing steps such as lamination of the BRIEF DESCRIPTION OF DRAWINGS 

device more difficult or impossible. There is also the prob- Jhe mvention and its modes of operation and advantages 

lem of vulnerability of the naked "bare die" whose face is are besl understood by re f eren ce the following description of 

substantially exposed after processing. illustrative embodiments when read in conjunction with the 

Conventional methods of die preparation include use of a 40 accompanying drawings which are not necessarily to scale, 

lapping technique to grind packages to remove encapsulant. aad wherein: 

Generally, it is critical that the bottom surface of the die be FJG x ^ a flow diagram depicting an illustrative method 

free of irregularities so that the encapsulated die remains according to one embodiment of the invention for decapsu- 

precisely parallel to the face of the lapping tool throughout ^ a ^fagtd die; 

grinding, otherwise the die may become damaged or 4s _ _ ~ . . . , - ... , ,. 

5 j ^ * 1 * u • j 4 -j c FIG. 2 is a cross-sectional side view of an illustrative 

destroyed. Current lapping techniques do not provide for . . . , c . . 

j , a ■ JTi_ l ftL 1 * j j ■ die-contaimng package before processing according to the 

adequate plaoanzation of the base of the encapsulated die metnod of FIG 1- 

for many applications. „ „ » . ' <> . 

■«• 1 - j • * .i. j r FIG. 3 is a cross-sectional side view of the illustrative 

Accordingly, the invention provides improved methods of die ^ OQtainiDg package of FIG . 2> ^ leads clipped ^ 

decapsulation. , 50 ^ iUustrative method of jqc. l ; 

SUMMARY OF THE INVENTION FIG. 4 is a cross-sectional side view of the illustrative 

• . ~f ,^ „ „ 0rt : 0 „ t - die-containing package of FIG. 3 7 with the die pan exposed 

It is an object of the invention to provide a convenient . , .„ & ^ . 7 . , „ ^ r 

method of decapsulating a packaged die. In one m accord ^ me ^traUve method of FIG. 1; 

embodiment, the method includes removing packaging 55 FIG - 5 15 a cross-sectional side view of the ilhistraUve 

material from a bottom section of a die-containing package die -containing package of FIG. 4, with the die pan removed 

toexposeadiepan,removingthediepan,removingmaterial ^ accord ^ ^ ^strative method of FIG. 1; 

between the die pan and the bottom surface of the die, using FIG. 6 is a cross-sectional side view of the illustrative 

the bottom surface of the die to determine a grind plane die-containing package of FIG. 5, with wire bonds exposed 

substantially parallel to the top surface of the die, and 60 m accord me illustrative method of FIG. 1; 

removing packaging material from the top section of the FIG. 7 is a cross-sectional side view of the illustrative 

die-containing package to form a top surface substantially die-containing package of FIG. 6, with the base and sides 

plana r to the grind plane, thereby enabling, for exampl e, etched in accord with the illustrative method of FIG. 1; 

subsequent inspection, testing, and repair of the die, as well FIG. 8 is a cross-sectional side view of the illustrative 

as emoting use ot the "bare die" in prototyping applications. 65 die-containing package of FIG. 7 with excess packaging 

In other embodiments , the method ot Uie mvention.p rnvidps removed from the sides in accord with the illustrative 

for decapsulating a plurality of dies concurrently. method of FIG. 1; and 
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FIG. 9 is a cross-sectional side view of the illustrative die In step 120, one removes the die-containing package(s) 500 

of FIG. 8 after the top face is lapped to expose the pads in from the glass grinding disk and remounts the die-containing 

accord with the illustrative method of FIG. 1. package(s) 500 die-face-up. In step 122, one grinds down an 

DESCRIPTION OF AN ILLUSTRATIVE ^ ,0 P P? rtion ° f f * e P*f<f° (■) 500 to 

FMROniMFNT 5 ex P ose & e loops °f tne wires 212a and 212b. Again, a 

commercially-available, programmable wafer grinding 

FIG. 1 shows a flow diagram 100 which outlines the steps machine may be used for this step. In step 124, one remounts 

of an illustrative embodiment of the inventive method, while the die-containing package(s) 600 die-face-down again in 

FIGS. 2-9 depict a cross-sectional view of a representative preparation for the etching of step 126. FIG. 6 depicts a 

encapsulated die at various stages of the process outlined in die-containing package 600 following step 122, the grinding 

FIG. 1- down of the face of the package 600, exposing the loops of 

FIG. 2 depicts a die-containing package 200 in cross- the wires 212a and 212 b. 

sectional view prior to decapsulation processing. The die- prior t0 step 126, the bottom(s) of the die(s) 216 remain 

containing package 200 comprises the packaging material covered with the adhesive of the die attach 218, and the 

210 surrounding a die 216 which is mounted to a die pan 220 side(s) of the die(s) 216 remain bonded to the packaging 

by means of a die attach 218. The wires 212a and 2126 15 material 210. 

connect the external leads 222a and 222b to the top surface Next, as shown in step 126, one employs an acid etching 

215 of the die 216 by means of either gold ball bonds 214a procedure to remove the adhesive of the die attach 218 and 

and 214b or another type of wire bond such as aluminum packaging material 210 from about the bottom surface(s) 

wedges. The dashed line depicts the grind plane 224 which 217 and sides 211 and 213 of the die(s) 216. The etching step 

is the approximate level to which the top section (die face 20 126 removes insufBcient packaging material 210 to enable 

up) of the die-containing package 200 will be ultimately the etchant to break through to attack the top surface(s) 215 

ground and/or lapped. The die pan 220 may be composed, of the d"<s) 216 * A commercially-available machine, such 

for example, of nickel-plated copper; the die attach 218 may ** ^ "D Cap-Delta Dual Acid Decapsulator," available 

be composed, for example, of silver-filled conductive epoxy; from B&G International, of Santa Cruz Calif., may be used 

and the packaging material 210 may be composed, for * f ™ c ™ cnts con ^ t T c D d # usm S * e D 

example, of non-conductive silica-filled epoxy. p*"™* Acid Decapsulator with DIP-type packages 

. r ' . ... . . f • to optimize the mix ratio of nitric acid to sulfuric acid in the 

A* *own in step 110 one may begin by removing any tXcbia ^ ^ well as etch time md temperature. Experiments 

external leads 222<z and 2226 from the die-containing pack- showed ^ a etch depth rapidly ^ 

age 200. Small diagonal cutters have been found by the j^^g temperature, increases approximately linearly 

inventors to work well for most types .of peripheral 1 leads. ^ ^ and ^ faM to etchant composition; 

Preferably, the external leads 222a and 2226 are cut off close how6V6r> variat ion in etch depth increases rapidly with 

to the package. FIG. 3 depicts a die-containing package 300 decreasing ratio of nitric acid t0 s^,. acid . A]s0) variation 

after step 110 of the process in which the external leads 222a m etch ^ m was f()und tQ ^ minimized over a ^ of 

and 2226 have been removed from the die-containing pack- ^ abom 4Q „ c tQ about c Md does QOt change signifi . 

age 300. cantly between about ten and about fifteen seconds of 

Next, as shown in step 112, one determines the location of etching. Approximate optimum settings for step 126 were 

the die pan(s) 220 embedded in the packaging material 210. found from mese exper iments to be an acid volume ratio of 

A side view x-ray of the package has been found to work about nine (0 one ( 9:1 ) ^tric to sulfuric ac jd, an etch 

well for this purpose. Alternatively, the packaging material ^ temperature of about 40° C. to about 60° C, and an etch time 

210 at the bottom of the die-containing package(s) 300 can of al?olJt ten to about twcnty seconds for the packages tested, 

be hand lapped until the die pan(s) 220 is/are exposed. Using ^ acid volume ratio of nine to one (9:1) nitric to 

Next, as shown in step 114, one bonds the top surfaces sulfuric acid, an etch temperature of 50° C, and an etch time 

227 of one or more packaged die(s) 300, which have 0 f 15 seconds, an etch depth of between about 130 microns 

undergone steps 110 and 112, to a glass lapping disk with 45 anc j aDou t 180 microns was achieved in these experiments, 

wax. A fixture may be used to insure that the bonds are F j G 7 depicts a die-containing package 700 following 

uniform and planar to the glass disk. step 12 S of the process, the solvent etching step. In this step, 

Next, as shown in step 116, one grinds off the packaging one removes the die attach 218 and packaging material 210 

material 210 at the bottom of the die-containing package(s) sufficiently from about the bottom surface 217 and sides 211 

300 to expose the die pan(s) 220. A commercially-available, 50 aDC j 213 of the die 216, forming a channel 209 in the 

programmable wafer grinding machine, such as the "GMN packaging material 210 around the perimeter of the bottom 

model MPS2 R30(T wafer grinding machine, available from surface 217 of the die 216 and exposing the bottom surface 

G&N (Genauigkeits Maschinenbau Nurnberg GmbH), of 217 of the die 216 itself. 

Erlangen, Germany, may be used for this step. Next) as snowrj i n step 128, one removes the excess 

FIG. 4 depicts a die-containing package 400 following 55 portions of the packaging material 210 around the perimeter 

step 116, at which point the die pan 220 is exposed. G f the die(s) 216 by cutting along the channel 209 in the 

Next, as shown in step 118, one removes the die pan(s) packaging material 210 around the perimeter of the bottom 

220 from the embedded die(s) 216. For epoxy bonded die, surface(s) 217 of the die(s) 216. A commercially-available 

for example, the die pan(s) 220 may be removed by using a wafer dicing saw, such as the "Micro Automation Model 

scalpel to pry the die pan 220 off of the die 216. 60 1006" dicing saw, available from MA Micro Automation 

Alternatively, eutectic bonded dies 216 may require etching GmbH, of Munich, Germany, may be used to perform this 

with concentrated hydrochloric acid to remove the die pan(s) step. The die-containing package(s) 700 are bonded on a 

220. FIG. 5 depicts a die-containing package 500 following standard film carrier, then manually aligned and cut in the 

step 118 of the process, the removal of the die pan 220, after saw. FIG. 8 depicts a die -containing package 800 following 

which the die attach 218 is exposed. 65 step 128 of the process, the sawing away of the excess 

The following three steps are optional steps to reduce the portion of the packaging material 210 around the perimeter 

time required for the final lapping step 132 discussed below. of the die 216. 
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Next, as shown in step 130, one remounts the die- leaves out steps indicated by dashed-line boxes in FIG. 1, 

containing package(s) 800 die-face-up in preparation for such as steps 120, 122, and 124 (grinding down of the top 

lapping in step 132. packaging material 210 prior to the final lapping step 132) 

Assuming a prior grinding step 122, one then laps off up would be an alternative illustrative embodiment of the 
to approximately one hundred microns of the top section of 5 inventive method disclosed. Another example of an alterna- 
the packaging material 210 left covering the wire bonds tive illustrative embodiment of the inventive method dis- 
214a and 2146, down to a level essentially parallel to the closed would be a process in which steps 120, 122, and 124 
grind plane 224, as shown in step 132. Skilled artisans will are performed after, not before, step 126 or step 128. 
appreciate that the amount of material lapped off in step 132 Although the invention arose from the semiconductor 
depends on the amount of material previously removed in 10 industry where flat wafers of silicon are produced in encap- 
the grinding step 122. According to the illustrative sulated form, it should be clear that the method of the 
embodiment, it is important that the bottom surface(s) 217 invention is not limited to the decapsulation of silicon die 
of the die(s) 216 be substantially free of irregularities so that from packaging material. For example, the die 216 need not 
the bottom surface(s) can be precisely bonded parallel to the be composed of silicon. Thus, the foregoing description is 
face of the lapping tool. The accuracy of this mounting 15 illustrative of one embodiment of the invention, and it is to 
determines how uniform the bond cross sections will be over be understood that additional embodiments thereof will be 
me entire top surface 215 of the die 216. The bottom surface obvious to skilled artisans. The embodiments described 
217 of a die 216 with die pan 220 and die attach 218 herein together with those additional embodiments are con- 
removed is sufficiently planar for purposes of step 132, sidered to be within the scope of the invention, 
while the base of a die with its die pan 220 and die attach 218 20 What is claimed is: 
intact is typically not sufficiently planar. In the case of chips 1. A method of decapsulation comprising, 
with gold ball bonds 214fl and 2146, the ball bonds 214a and removing a first portion of packaging material from a 
2146 may be lapped flat to their approximate midpoint. This bottom section of a die-containing package to expose a 
provides excellent bond pads for subsequent connection or di c pan supporting said die within said package, 
testing purposes. A commercially -available lapping 25 removing said die pan, 

machine, such as the "Logitech LP50" lapping machine, removing interface material located between said die pan 

available from Logitech, Ltd., of Glasgow, Scotland, may be ^ a bomm of ^ die tQ £xpose ^ 

used to perform step 132. Following step 132, the top surface of said die 

surface(s) 219 of the die-containing package(s) 900 is/are employing ^ ^Xlcm surface of said die to determine a 

parallel to the surface(s) 215 of the die(s) 216 to within 30 ^ ^ m r sectkm Qf ^ 

about two microns which makes the die(s) sufficiently ^-containing package and being substantially parallel 

planarfor testing, for use m prototyping, and for other tQ a ^ ^ dic> an( f 

purposes^ j- c „ - « * c .u removing packaging material from said top section of said 

FIG. 9 depicts a die 216 following all steps of toe di^L^ to form a top surface of the 

mventive method 100, after which the top ^section of the 3S di6 ^ntaimni package substantially parallel to said 

package 900 is lapped to the grind plane 224, resulting ma * d 1 

flat, substantially planar surface : which eposes only a cross- 2 . Amethodof decapsulation according to claim 1 further 

sectional layer of the wire bonds 214^ and 214Z> (gold ball 

bonds depicted), leaving the top surface 215 of the die 216 comprising, 

covered with a passivation layer of packaging material 210 « JT^u"? ^ ? ^ P f" * a u 

about ten to about twelve microns thick and parallel to the 3 - A method of decapsulation according to claim 1 further 

actual top surface 215 of the die 216 to within about two comprising, 

microns removing additional packaging material from said bottom 

The illustrative method described herein preserves a pas- * ction , of detaining package to create a 

sivation layer of about ten to about twelve microns of 45 channel m said packaging material around a perimeter 

encapsulate on the top surface 215 of the die 216, thus . ° f b ° ttom 541(1 „. 

providing a flat, subsUntially planar surface on the top 4 A . n ? ethod "decapsulation according to claim 1 further 

surface 215 of the die 216 preferable for lamination, and comprising, 

which precludes the need for removal, replacement, or grinding said first portion of said packaging matenal from 

addition of gold ball bonds 214a and 214ft, saving delicate, so Mifl 50110111 of ^ Containing Package to 

labor-intensive steps. Among other advantages, the illustra- expose said die pan. 

tive passivation layer provides protection for the top surface 5 A method of decapsulation according to claim 1 further 

215 of the die 216 for use of the die 216 in subsequent comprising, 

handling and operation while allowing full access to the wire grinding said packaging material from said top section of 

bonds 214a and 2146 for connection and testing purposes. 55 die-containing package to form said top surface. 

The lack of acid exposure on the top surface 215 of the die A method of decapsulation according to claim 1 further 

216 during decapsulation allows for a robust process that is comprising, 

less sensitive to etching variations, that requires less trial- lapping said packaging material from said top section of 

and-error to determine proper etching step settings, that said die-containing package to form said top surface, 

protects the metallization of the die, and that allows a higher 60 7 - A method of decapsulation according to claim 1 further 

decapsulation success rate, among other advantages. comprising, 

One skilled in the art will appreciate that not all of the removing a die attach to expose s ai d bottom surface of 

steps discussed herein are mandatory for the proper opera- said die. 

tion of the inventive method disclosed, nor must all of the 8. A method of decapsulation according to claim 1 further 

steps be followed in the order they are presented for proper 65 comprising, 

operation of the inventive method disclosed. For example, a forming said top surface to expose conductive bonds for 

process which follows the inventive method, but which electrically coupling to said die. 
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9. A method of decapsulation according to claim 1 further 
comprising, 

forming said top surface to retain a passivation layer of 
said packaging material on said top surface of said die. 

10. A method of decapsulation according to claim 1 5 
further comprising, 

etching said interface material located between said die 
pan and said bottom surface of said die to expose said 
bottom surface of said die. 

11. A method of decapsulation according to claim 1 10 
further comprising, 

etching additional packaging material from said bottom 
section of said die-containing package to create a 
channel in said packaging material around a perimeter 
of said bottom surface of said die. 15 

12. A method of decapsulation comprising, 
removing a first portion of packaging material from 

bottom sections of a plurality of die-containing pack- 
ages in a substantially concurrent manner to expose die 
pans supporting said dies within said packages, ^ 
removing said die pans, 

removing interface material located between said die pans 
and bottom surfaces of said dies to expose said bottom 
surfaces of said dies, 

employing said bottom surfaces of said dies to determine 25 
a grind plane passing through top sections of said 
die-containing packages and being substantially paral- 
lel to top surfaces of said dies, and 

removing packaging material from said top sections of 
said die-containing packages to form a top surface on 30 
each of said die-containing packages, each of said top 
surfaces of said die-containing packages being substan- 
tially parallel to said grind plane. 

13. A method of decapsulation comprising, 

removing a first portion of packaging material from 35 
bottom sections of a plurality of die-containing pack- 
ages to expose die pans supporting said dies within said 
packages, 
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removing said die pans, 

removing interface material located between said die pans 
and bottom surfaces of said dies in a substantially 
concurrent manner to expose said bottom surfaces of 
said dies, 

employing said bottom surfaces of said dies to determine 
a grind plane passing through top sections of said 
die-containing packages and being substantially paral- 
lel to top surfaces of said dies, and 

removing packaging material from said top sections of 
said die-containing packages to form a top surface on 
each of said die-containing packages, each of said top 
surfaces of said die-containing packages being substan- 
tially parallel to said grind plane. 

14. A method of decapsulation comprising, 

removing a first portion of packaging material from 
bottom sections of a plurality of die-containing pack- 
ages to expose die pans supporting said dies within said 
packages, 

removing said die pans, 

removing interface material located between said die pans 
and bottom surfaces of said dies to expose said bottom 
surfaces of said dies, 

employing said bottom surfaces of said dies to determine 
a grind plane passing through top sections of said 
die-containing packages and being substantially paral- 
lel to top surfaces of said dies, and 

removing packaging material from said top sections of 
said die-containing packages in a substantially concur- 
rent manner to form a top surface on each of said 
die -containing packages, each of said top surfaces of 
said die-containing packages being substantially paral- 
lel to said grind plane. 

* * * * * 
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